Introduction
Since ancient times plants have been used as traditional medicine to treat various infectious diseases. In the search for effective drugs against cancer and microbial infections, medicinal plants have been the recent center of attraction for the scientific community. Despite their profound therapeutic advantages, a few constituents of medicinal plants have been shown to be potentially toxic, carcinogenic, and teratogenic (Dillard and German, 2000; Gadano et al., 2006) . Thus, investigating the toxic effects of traditional medicinal plants is indispensable to ensure safe and persistent use of these plants for their pharmacological activity (Verscheave et al., 2004) .
The environment contains numerous noxious physical and chemical toxic agents due to industrial and sociocultural activities. These chemical agents pose a threat to the survival of living organisms, and thereby jeopardize the ecological balance. Hydrogen peroxide (H 2 O 2 ) is one of these serious mutagens that can either interact directly with DNA (DNA strand breakage and base modification) or modulate transcription and suppress genomic repair pathways (Valko et al., 2006) . H 2 O 2 acts on cells by generating reactive oxygen species, leading to oxidative-stress-mediated cytotoxicity by a series of chemical reactions. The consequences of these processes include oxidative damage to membrane lipids, DNA molecules, and proteins. The genotoxic risk associated with nanoparticles like zinc oxide, titanium dioxide, and the sesquiterpene, farnesene, were also reported (Çelik et al., 2014; Demir et al., 2014) . For biodefense, a number of phytochemical antioxidants, such as flavonoids, alkaloids, and phenolic compounds, scavenge free radicals after they have been formed or prevent them from overproducing (Bakkali et al., 2008) .
Sarcostemma R.Br. (Apocynaceae), commonly known as moon plant, is considered by some to be the "soma" mentioned in the Vedas. Molecular analyses have demonstrated that Sarcostemma is deeply nested in the predominantly Madagascan stem-succulent clade of Cynanchum L. Hence, the genus has been treated as a synonym of Cynanchum, and some new species belonging to this group have been described under Cynanchum (Meve and Schumann, 2012) . It is a xerophytic, perennial, leafless, jointed trailing shrub with green, cylindrical, fleshy-glabrous twining branches having a milky-white latex. It contains active constituents including pregnane glycosides, lignans, triterpenes, and saccharides and has various pharmacological activities including bronchospasmolysis and tocolysis (Kumar et al., 2006; Kumar et al., 2007) . Among the tests that are used to monitor cytogenotoxicity, the Allium cepa test exhibits high sensitivity and good correlation, which allows for extrapolation of observations to other test systems, such as mammals (Fiskesjo, 1985; Leme and Morales, 2009) .
Considering the dearth of reliable information concerning in vitro studies on the toxic effects of Cynanchum sarcomedium, the present study focused on the following objective: evaluating in vitro genotoxic and antigenotoxic potential, using Allium cepa assay, to explore possible antitumor activity and other related bioactivities of C. sarcomedium.
Materials and methods

Plant material
Cynanchum sarcomedium Meve & Liede was collected from Wayanad, Kerala, India (11.605°N, 76.083°E). The specimen was authenticated, and the voucher specimen (CALI no. 123741) was deposited in the herbarium of the Department of Botany, University of Calicut, Kerala, India.
Test organism and chemicals
Onion bulbs (Allium cepa L., 2n = 16), free from agricultural pesticides and growth inhibitors (procured from TNAU, Tamil Nadu), were used for the present study. Hydrogen peroxide (CAS no.: 7722-84-1) was obtained from Merck Pvt. Ltd. (Mumbai, India).
Preparation of aqueous plant extracts
Fresh aqueous plant extract was prepared by grinding 1 g of plant by mortar and pestle. Then a 1% stock solution was made in distilled water, and lower concentrations (0.005%, 0.01%, 0.05%, 0.1%) were prepared from this stock. For antigenotoxic screening, the concentrations used were 0.004%, 0.006%, 0.008%, and 0.01%; these were prepared as above.
Genotoxicity evaluation-Allium cepa assay
Prior to initiating the test, the outer dry scales of onion bulbs were removed without destroying the root primordia. They were placed in sandy soil for 2 days and allowed to root. Germinated bulbs with healthy roots (1-2 cm) were collected at a period of maximum mitotic activity (between 0900 and 1000 on sunny days) and washed with distilled water. The bases of the bulbs were kept in vials containing different concentrations of plant extracts such that roots were suspended in extracts. Positive and negative controls were also kept, i.e. methyl parathion and distilled water. Root tips were collected from the different vials at 1/2 h, 1 h, 2 h, and 3 h. The collected samples were washed in distilled water and immediately fixed in modified Carnoy's fluid for 1 h. Then root tips were subjected to hydrolysis with 1 N HCl for 5-10 min and washed in distilled water. Staining was done using acetocarmine for 4 h, and destaining was done by 45% acetic acid. Permanent slides were then prepared, and the numbers of mitotic cells, aberrant cells, and total cells were counted in 6 different fields of view for genotoxic effects using a 40× light microscope (Olympus CX21FS1, Japan). Mitotic index (%) and abnormality percentage (%) were calculated using the following formulae, and values were expressed as mean ± SE from at least three independent experiments:
Number of dividing cells Total number of cells 1 = 0 00
Aberration percentage (%) Number of aberrated cells Total number = o of cells 100
Antigenotoxicity evaluation
Onion bulbs were grown on glass vials containing distilled water until roots grew to an average length of 0.5-1 cm. Three different modes of treatment were applied to roots (pretreatment, posttreatment, and simultaneous treatment) (Sharma and Vig, 2012) . In pretreatment, roots were first treated with different concentrations (0.004%, 0.006%, 0.008%, and 0.01%) of the plant extracts for 24 h followed by H 2 O 2 (2%) treatment (1 h). In posttreatment, roots first treated with 2% H 2 O 2 were exposed to different concentrations of the plant extract for 24 h. In a simultaneous treatment, roots tips were treated with H 2 O 2 (2%) and different concentrations of extracts simultaneously for 1 h. The solitary treatment of roots with 2% of H 2 O 2 and distilled water served as positive and negative controls, respectively. After the treatments, bulbs were washed under tap water, and root tips were removed and subjected to further treatments for slide preparation, as described previously. Inhibitory activity (%) was calculated by the formula:
Inhibitory activity (%) =
A B A C 100
where A = number of aberrant cells induced by positive control, B = number of aberrant cells induced by different modes of treatment, and C = number of aberrant cells induced by negative control. Growth and morphology (shape and color) of roots were recorded after 48 h.
Statistical analyses
Statistical analyses were performed using the SPSS version 10. Data obtained were then subjected to DMRT and one-way ANOVA to confirm the variability of the data and validity of results. All results were expressed as mean ± SE, and differences between corresponding controls and exposure treatments were considered statistically significant at P < 0.05. The linear relationship between dose and the effect of aqueous extract in terms of inhibition percentage was obtained by simple regression and correlation analysis.
Results
Genotoxicity evaluation
The potential genotoxic effect of C. sarcomedium was evaluated using an A. cepa root meristem model, and the results revealed a gradual dose-dependent decline of the mitotic index (Figure 1 ). At the highest tested concentration (0.1%), the mitotic index value decreased by ~50%. The extracts of C. sarcomedium caused a significant reduction in the mitotic index compared to the negative control (distilled water). The decrease in mitotic index was positively correlated with an increasing concentration of plant extracts (Table 1 ). In addition to concentration, time period is an important factor in genotoxicity and reduction of mitotic index. Out of the four time periods selected in the current study, root tips subjected to prolonged exposure to plant extract (3 h) showed an extreme reduction in mitotic index. 
Mitotic index (%)
Mitotic activity showed a tendency to decrease: 46.75 ± 2.43 at the highest concentration (0.1%) of plant extract at 3 h. All tested concentrations of plant extract exerted a significant influence on cell division and chromosome behavior of A. cepa root tips. Indeed, the maximum cell division (88.34 ± 1.73) was found at the lowest concentration of plant extract (0.005%) and at the minimum exposure (1/2 h). Interestingly, 96% of chromosomal aberrations were found in the highest concentration of plant extract, which confirms the genotoxic potential of C. sarcomedium (Figure 2 ). Chromosomal aberrations induced by the plant extract were apportioned into clastogenic ( Figure  3 ) and nonclastogenic aberrations (Figure 4 ). The majority of aberrations were of the clastogenic type (95%): lesions, nuclear budding, nuclear peak, nuclear extrusion, pulverized chromatin, giant cells, nuclear erosion, hyperchromasia, chromosome gaps, chromosome fragment, chromosome bridges, ring chromosome, coagulated chromatin, etc. The frequency of mitoclastic aberrations was, however, not concentration-dependent. The most frequent abnormalities due to chromatin dysfunction or spindle failure were stickiness, lagging chromosome, micronucleus, and anaphase bridges.
The progressive reduction in the number of dividing cells at increasing concentrations of plant extracts suggests that the aqueous plant extract has a mitodepressive effect on the cell division of A. cepa. These results suggest that the tested concentrations of C. sarcomedium extract are inhibitory, turbagenic, and mitodepressive on cell division of A. cepa, which is in agreement with Akintonwa et al. (2009) . Cells with remarkable membrane damage were also observed in root tips treated with high concentrations of plant extract. 
Antigenotoxicity evaluation
The present study also investigated the protective effect of C. sarcomedium on H 2 O 2 -induced oxidative damage. Oxidative stress was induced in the A. cepa model by the exogenous oxidant H 2 O 2 and the potential of the plant extract to modulate the intensity of aberrations triggered by the oxidant was screened. Oxidative stress occurs when there is a disparity in the generation and removal of radical species within an organism. The majority of these radicals involve oxygen and are referred to as reactive oxygen species (ROS). Considering its role in tissue damage and cellular components such as membranes and proteins, oxidative stress has become a topic of significant interest in environmental toxicology. The effects of different concentrations of C. sarcomedium on the genotoxicity of H 2 O 2 are summarized in Table 2 . The influence of pre-, post-, and simultaneous treatments of aqueous extract showed a dose-dependent decrease in chromosomal aberration frequency. H 2 O 2 induces extensive chromosomal damage, particularly prominent nuclear lesions (Figure 5a ). Distortion of cell membrane and cytoplasmic vacuolation were also observed in H 2 O 2 -treated cells. Surprisingly, in the plant extract treated groups, cells returned to normalcy (Figure 5b ). The percentage inhibition of total aberrant cells ranged from 58% to 74% for pretreatment, 68% to 74% for posttreatment, and 61% to 75% for simultaneous treatment. All three types of treatment were almost equally effective and showed a positive correlation with concentration of extract. The linear relationship between percent inhibition of chromosomal aberrations and different concentrations (0.004%, 0.006%, 0.008%, and 0.01%) of aqueous extract of C. sarcomedium was obtained by regression and correlation analyses (Figure 6) .
A dose-dependent increase in root growth was observed in the extract treatment groups compared to untreated control samples, and they are statistically significant (P < 0.05). In the positive control, profoundly retarded root growth was observed (0.33 ± 0.03), indicating extreme cytotoxicity and inhibition of cell division coupled with stunted growth. In the present study, striking morphological variations in root tips were observed in the treated groups when compared to the control. Crochet hooks, broken tips, bulbed tips, discoloration, and sternness were the common forms of morphological alterations of root tips. The linear regression analysis method of determining the P-value (R 2 ) represents the significance of the null hypothesis; it indicated that percentage inhibition of chromosomal aberration was dose-dependent and positively correlated. 
Discussion
The genotoxic effect of C. sarcomedium was evidenced by a remarkable lowering of mitotic division in vegetative cells of A. cepa. This reduction in the mitotic activity could be attributed to inhibition of DNA synthesis or blockage of the cell cycle in G2 phase, thus preventing the cells from entering into mitosis (Sudhakar et al., 2001 ). Many serious chromosomal aberrations were observed as a result of treatment with various concentrations of plant extract. Among these, pronounced stickiness of the chromosome is attributed to the disorganization of chromatin, and this effect is related to an imbalance in the quantity of histones or other proteins responsible for controlling the proper structure of nuclear chromatin (Kuras, 2004) . Moreover, stickiness is a consequence of DNA agglomeration and intricacy of interchromatin fibers (Yildiz and Arikan, 2008) . Bridges and fragments are clastogenic effects, both resulting from chromosome and chromatid breaks, and can lead to aneuploidy (Leme and Morales, 2009; Radic et al., 2010; Neelamkavil and Thoppil, 2014) . Nuclear buds, one of the prominent aberrations observed, may arise as a result of the expulsion of excess genetic material derived from the polyploidization process, which may subsequently lead to micronucleation (Fernanades et al., 2007; Lindberg et al., 2007) .
Giant cells are formed due to incomplete cytoplasmic division, but they grow in size and undergo DNA replication and nuclear division before they die (Prajitha and Thoppil, 2014) . Nuclear erosion, which may result from the disintegration of chromatid proteins, represents irreversible toxicity (Karaismailoglu et al., 2013) . Another significant chromosomal aberration observed was hyperchromasia, which is a characteristic of programmed cell death (Soltys et al., 2014) . Alkaloids such as vincristine and vinblastine were reported to have an effect on chromosome aberration, as observed with the water extracts of Borreria filiformis and Vinca rosea (Ene and Osuala, 1990) . The nonclastogenic aberrations observed in this study can be attributed to disturbances in the spindles that may be caused by the presence of alkaloids in the plant extract. This is because the plants contain several major phytochemical constituents such as flavonoids, tannins, alkaloids, and glycosides (Gupta and Kohli, 2010) which may contribute to mitotic and cell cycle arrest.
The lagging chromosome(s) may be entrapped by the nuclear membrane, thereby forming a micronucleus. Moreover, a micronucleus may still derive from other processes such as polyploidization, in which it originates from the elimination of excess DNA from the main nucleus in an attempt to restore the normal conditions of ploidy (Fernandes et al., 2007) . Malfunction of the spindle mechanism could be connected with the effect of external stimuli on calcium-ion homeostasis in cells. Calcium ions in excess can disturb polymerization of microtubules, thereby affecting spindle formation (Penafiel et al., 1997) . The mitodepressive effects of some plant extracts, which may not allow initiation of genetic material biosynthesis, along with nucleoproteins and their adverse impact on the ultimate structure of the chromosome during cell division, could also cause a reduction in the number of divisional stages (Schulze and Kirscher, 1996) .
H 2 O 2 is a potent oxidant having various industrial applications, such as pulp and paper bleaching, chemical syntheses, and textile bleaching, and it has attracted attention due to its serious impact on the ecosystem. In addition to its threat to the environment, hydrogen peroxide is responsible for some of the highest cancer risks associated with persistent inflammation (Fitzpatrick, 2001) . Thus, modulatory action of the plant extract was screened using H 2 O 2 . The results of inhibition obtained for aqueous extracts of C. sarcomedium can be explained by a synergistic activity between their phenolic contents and H 2 O 2 due to the known ability of phenols to scavenge ROS such as those generated by H 2 O 2 (Asada, 2006; Maurich et al., 2004) . H 2 O 2 is relatively stable and diffuses through the plasma membrane towards the nucleus where it interacts with the transition metals bound to the DNA to form a hydroxyl radical (Henle and Linn, 1997) . During this stress, H 2 O 2 interacts with DNA by generating highly reactive oxygen and radical species; this leads to extensive oxidative damage through a cascade of reactions (Ratnam et al., 2006) . ROS rapidly attack polyunsaturated fatty acids in the membrane leading to lipid peroxidation, which compromises membrane integrity and triggers programmed cell death (Shah et al., 2001) . A rapid elevation in ROS is induced by an oxidant resulting in an oxidative burst; the detoxification of ROS involves enzymatic and nonenzymatic scavenging mechanisms (Apel and Hirt, 2004) .
H 2 O 2 can also influence the level of glutathione by reducing it on the epidermal cells of A. cepa, which further damages the nuclear structures and disrupts DNA synthesis. Severe depletion of glutathione makes the cell more vulnerable to oxidative damage by radicals, and increasing protein concentration or thiolation of sulfhydryl groups leads to extensive oxidative stress (Muller et al., 1999) . Some researchers suggest that at a higher concentration of environmental pollutants formation of both free radicals and ROS is beyond the capacity of the antioxidant defense systems of plants to counteract, thus resulting in oxidative DNA modification (Rucinska et al., 2004) . Treatment with the aqueous extract of C. sarcomedium prevented decreasing levels of glutathione after exposure to H 2 O 2 , contributing to thiol homeostasis; this may be an explanation for the cytoprotective activity. The biochemistry of antimutagenic interference with promutagen metabolism to prevent mutagenesis is relatively well documented. In recent years the roles and reactions of ROS scavengers, such as glutathione, superoxide dismutase, catalase, and N-acetylcysteine and provitamins like retinoids, carotenoids, tocopherols, flavonoids, and polyphenols have been evaluated (Bakkali et al., 2008) . The growth inhibition of vegetative organs in some plant species by heavy metals has been reported (Dimitrova and Ivanova, 2003) and is at par with the oxidant (H 2 O 2 ) used for the current experiment.
The present study is a novel report on the genotoxic and antigenotoxic potential of C. sarcomedium on a plant test system. The protective effects could be attributed to cellular adaptive responses. This may be because apart from their capacity to scavenge free radicals, flavonoids induce the expression of genes coding for the antioxidant enzymes (Rodrigues et al., 2009 ). The modulatory effect of the plant extracts can also be attributed to the presence of phenolic compounds, as they are strong antioxidants (Maurich et al., 2004) . In contrast to the established view that the antioxidant properties of natural compounds such as polyphenols, essential oil phenols, and terpenes determine their protective effect against mutagens, it has become clear that the prooxidant properties of these compounds can also play a significant protective role by removing damaged cells through apoptosis (Bakkali et al., 2008) . Some flavonoids containing the hydroxyl groups act as phytochelatins and have been shown to chelate exogenous compounds and detoxify ROS in the case of metals (Brown et al., 1998) . However, the present results support the notion that the protective effect of whole-plant extracts is due to the individual or synergistic action of a broad array of phytochemicals, the total activity of which may result in health benefits.
The present study confirms the in vitro genotoxic and cytotoxic efficacy of C. sarcomedium using the A. cepa aberration assay. It also provides comprehensive in vitro evidence that C. sarcomedium exhibits remarkable antigenotoxic activities. The outcome of this investigation suggests the feasibility of using C. sarcomedium as a natural antitumor agent. In addition, lower concentrations of the plant extract have a pivotal role in modulating the genotoxicity induced by an oxidizing agent to a great extent. This supports the position that ROS-mediated genotoxicity can be counteracted by an optimal range of aqueous plant extract. Hence, the plant can be exploited in phytoremediation to mitigate pollutant concentrations in contaminated soil, water, or air. Future studies will unravel the role of ROS in the chromosome abnormality and bioactive compounds responsible for DNA damage in A. cepa root meristem. Hence, more investigations are desirable to elucidate the mechanism underlying the genotoxic and antigenotoxic activity of C. sarcomedium.
